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Description 

[METHOD OF FABRICATING 
NON-VOLATILE MEMORY CELL ] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a method of fabricating a 
memory cell, and more particularly to a method of fabri- 
cating a non-volatile memory cell. 

[0003] Description of the Related Art 

[0004] In a variety of non-volatile memories, electrically erasable 
programmable read-only memory (EEPROM) can perform 
multiple storing, read/write and erasing functions and the 
data stored therein will not be erased even if the power is 
shut down. Therefore, it has been a memory device widely 
used in personal computers and electronic apparatuses. 
The typical EEPROM uses polysilicon as a floating gate and 
a control gate. When the memory is programmed, elec- 
trons injected into the floating gate will uniformly spread 



out therein. However, when defects exist in the tunneling 
oxide beneath the polysilicon floating gate, leal<age cur- 
rents occur and affect the reliability of the device. 

[0005] In order to resolve the leakage-current issue of EEPROM, a 
charge trapping layer is used to replace the polysilicon 
floating gate. The material of the charge trapping layer 
can be, for example, silicon nitride. Usually, there are two 
silicon oxide layers on and under the silicon nitride charge 
trapping layer for forming a stacked structure with an ox- 
ide-nitride-oxide (ONO) layer. The memory cell having the 
stacked structure is called a silicon-ox- 
ide-nitride-oxide-silicon (SONOS) memory cell. 

[0006] FIG. 1 is a figure showing a prior art SONOS memory cell. 
Please referring to FIG. 1, a ONO layer 102, which is com- 
posed of a bottom silicon oxide layer 104, a silicon nitride 
layer 106 and a top silicon oxide layer 108, is formed on a 
substrate 100. In addition, a polysilicon gate 112 is 
formed on the ONO layer 102, serving as a word line. The 
source/drain regions 118 are formed in the substrate 100 
adjacent to the edges of the ONO layer 102, serving as 
buried bit lines. Moreover, spacers 116 are formed on the 
sidewalls of the polysilicon gate 112. Lightly doped re- 
gions 114 electrically connect with source/drain regions 



118 in the substrate 100 beneath the spacers 116. 

[0007] The prior art SONOS memory cell can perform forward 
read and reverse read by storing electrons in the right 
side or left side of the charge trapping layer. The differ- 
ence of threshold voltages between the programmed cells 
for forward read and reverse read depends on the quantity 
and area of the trapped electrons. However, by the in- 
crease of the programming times, the difference of 
threshold voltages for forward read and reverse read will 
gradually be reduced. The trapped electrons in one side of 
the charge trapping layer will move to the other side. It 
results in programming failures. The failures will be more 
serious when size of devices shrinks. 

[0008] Therefore, U.S. Pat. No. 6,538,292 discloses a flash mem- 
ory device with a twin bit cell. The difference between the 
U.S. patent and the structure in FIG. 1 is that the former 
uses a polysilicon germanium layer as the electron trap- 
ping layer. An ion implantation process is performed to 
form an isolation area in the polysilicon germanium layer 
for dividing the polysilicon germanium layer into two dis- 
continuous conductive areas as a twin bit cell structure. 
Because the isolation area is formed by ion implantation, 
misalignment arises so that the conductive areas on the 



drain side and source side liave different sizes. That will 
affect the performance of the memory cell. 
[0009] U.S. Pat. No. 6,639,271 discloses another method for 

forming dual bit nitride memory cell. The isolation barrier 
between the charge trapping layers is formed by sequen- 
tially depositing a oxide layer, an isolation barrier dielec- 
tric layer, a top dielectric layer and a polysilicon layer on a 
substrate; patterning these layers; and etching a portion 
of isolation barrier dielectric layer for forming a undercut 
isolation barrier dielectric layer. Then, silicon nitride spac- 
ers are formed on the sidewalls of the stacked structure 
composed of the oxide layer, the undercut isolation bar- 
rier dielectric layer, the top dielectric layer and the 
polysilicon layer. The silicon nitride spacers fill in the un- 
dercut regions of the isolation barrier dielectric layer for 
forming electron trapped regions. However, the silicon ni- 
tride spacers formed by the prior art method may directly 
contact the substrate and the polysilicon layer. That will 

cause the operational problems of the memory device. 
Summary of Invention 

[0010] Therefore, the object of the present invention is to pro- 
vide a method of fabricating a non-volatile memory cell 
adapted for the integration of devices and for multiple 



read/write operations. 

[0011] The other object of the present invention is to provide a 
method of fabricating a non-volatile memory cell, which 
can prevent device failures resulting from the misalign- 
ment of the charge trapping layer in the memory cell. 

[0012] According to the objects above and the other objects, the 
present invention discloses a method of fabricating a 
method of fabricating a non-volatile memory cell, com- 
prising: forming a bottom dielectric layer on a substrate; 
forming a charge trapping layer on the bottom dielectric 
layer; patterning the charge trapping layer, for forming a 
trench exposing a portion of the bottom dielectric layer; 
forming a top dielectric layer over the substrate, covering 
the charge trapping layer and the exposed bottom dielec- 
tric layer; forming a conductive layer over the substrate, 
covering the top dielectric layer; patterning the conductive 
layer, the top dielectric layer, the charge trapping layer 
and the bottom dielectric layer, for forming a stacked 
structure, wherein a width of the stacked structure is 
larger than a width of thetrench; and forming source/ 
drain regions in the substrate adjacent to edges of the 
stacked structure. 

[0013] The present invention discloses another method of fabri- 



eating a method of fabricating a non-volatile memory cell, 
comprising: forming a bottom dielectric layer, a charge 
trapping layer, a first top dielectric layer and a mask layer 
on a substrate sequentially; etching the mask layer for 
forming a first trench exposing a portion of the first top 
dielectric layer; forming a plurality of first spacers on 
sidewalls of the first trench; using the first spacers as an 
etching mask and etching the first top dielectric layer and 
the charge trapping layer for forming a second trench; re- 
moving the first spacers; forming a second top dielectric 
layer over the substrate, covering surfaces of the second 
trench and the first trench; forming a conductive layer in 
the first trench and the second trench; removing the con- 
ductive layer and the second top dielectric layer outside of 
the first trench and the second trench for exposing the 
mask layer; removing the exposed mask layer; using the 
conductive layer as a mask, removing the first top dielec- 
tric layer, the charge trapping layer and the bottom di- 
electric layer for forming a stacked structure; and forming 
source/drain regions in the substrate adjacent to edges of 
the stacked structure. 
[0014] The present invention separates the charge trapping layer 
into two independent structures. Accordingly, the present 



invention is adapted for tlie integration of devices and for 
long-time operation. 
[0015] Additionally, the present invention uses spacers as a mask 
for separating the charge trapping layer. Therefore, the 
misalignment of the charge trapping layer in the memory 
cell can be avoided, and the operation of the device can 
be improved. 

[0016] In order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 

[0017] FIG. 1 is a figure showing a prior art SONOS memory cell. 

[0018] FIGS. 2A-2E are cross-sectional views showing a first ex- 
emplary process flow of fabricating a non-volatile memory 
cell. 

[0019] FIGS. 3A-3F are cross-sectional views showing a second 

exemplary process flow of fabricating a non-volatile 

memory cell. 
Detailed Description 

[0020] FIGS. 2A-2E are cross-sectional views showing a first ex- 
emplary process flow of fabricating a non-volatile memory 



cell. 

[0021] Please referring to FIG. 2A, a bottom dielectric layer 202 is 
formed on a substrate 200. The step, for example, forms 
a silicon oxide layer on the surface of the substrate 200 
by a thermal oxidation process. Then, a charge trapping 
layer 204 is formed on the bottom dielectric layer 204, 
wherein the material of the charge trapping layer 204 is, 
for example, selected from a group consisting of silicon 
nitride, tantalum oxide, SrTiO and hafnium oxide. The 

3 

step of forming the charge trapping layer 204 on the bot- 
tom dielectric layer 202 includes, for example, forming a 
silicon nitride layer on the bottom dielectric layer 202 by a 
chemical vapor deposition (CVD) process. Then, a pat- 
terned photoresist layer 206 is formed on the charge 
trapping layer 204. 
[0022] Please referring to FIG. 2B, the patterned photoresist layer 
206 shown in FIG. 2A serves as an etching mask, and the 
charge trapping layer 204 is etched and patterned for 
forming a trench 208 exposing a portion of the bottom 
dielectric layer 202. Except to the method of this embodi- 
ment, the other methods known to one of ordinary skill in 
the art can be used to form the patterned charge trapping 
layer 204a. Then, the patterned photoresist layer 206 is 



removed. 

[0023] Please referring to FIG. 2C, a top dielectric layer 210 is 

formed over the substrate 200, covering the charge trap- 
ping layer 204a and the exposed bottom dielectric layer 
202. A conductive layer 212 is formed over the substrate 
200, covering the top dielectric layer 210, wherein the 
material of the conductive layer 212 is, for example, 
polysilicon. 

[0024] Please referring to FIG. 2D, the conductive layer 212, the 
top dielectric layer 210, the charge trapping layer 204a 
and the bottom dielectric layer 202 (shown in FIG. 2C) are 
patterned for forming a stacked structure 214, wherein 
the width Wl of the stacked structure 214 is larger than 
the width W2 of the trench 208. Moreover, the step of 
patterning the conductive layer 212, the top dielectric 
layer 210, the charge trapping layer 204a and the bottom 
dielectric layer 202 preferably includes aligning the trench 
208 to the center of the stacked structure 214. The bot- 
tom dielectric layer 202a, the charge trapping layer 204b 
and the top dielectric layer 210a form a silicon oxide/sil- 
icon nitride/silicon oxide layer (ONO) 211. A non-volatile 
memory cell having the ONO layer 211 is called a silicon- 
oxide-nitride-oxide-silicon (SONOS) memory cell. 



[0025] Please referring to FIG. 2E, a lightly doping process can be 
optionally performed for forming a plurality of lightly 
doped regions 216 in the exposed substrate 200. A plu- 
rality of spacers 218 can be optionally formed on the 
sidewalls of the stacked structure 214. The material of the 
spacers 218 can be, for example, silicon nitride or any 
other material adapted to be applied thereto. Then, a 
source/drain doping process 220 is performed for form- 
ing a plurality of source/drain regions 222 in the sub- 
strate 200 uncovered by the spacers 218 of the stacked 
structure 214. 

[0026] In this embodiment, because the charge trapping layer of 
the memory cell is divided into two independent struc- 
tures, the memory cell is adapted for the integration of 
devices and for long-time operation. 

[0027] When size of memory cells shrinks, the issue of misalign- 
ment occurs. To resolve the issue, the present invention 
discloses another embodiment. FIGS. 3A-3F are cross- 
sectional views showing a second exemplary process flow 
of fabricating a non-volatile memory cell. 

[0028] Please referring to FIG. 3A, a bottom dielectric layer 302, a 
charge trapping layer 304, a first top dielectric layer 310a 
and a mask layer 306 are sequentially formed on a sub- 



strate 300, wherein the material of the charge trapping 
layer 304 is selected from a group consisting of silicon ni- 
tride, tantalum oxide, SrTiO and hafnium oxide. The ma- 
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terial of the first top dielectric layer 310a is, for example, 
silicon oxide. The material of the mask layer 306 is, for 
example, silicon nitride. The step of forming the bottom 
dielectric layer 302 on the substrate 300 includes, for ex- 
ample, forming a silicon oxide layer on the surface of the 
substrate 300 by a thermal oxidation process. The step of 
forming the charge trapping layer 304 on the bottom di- 
electric layer 302 includes, for example, forming a silicon 
nitride layer on the bottom dielectric layer 302 by a CVD 
process. 

[0029] Please referring to FIG. 3B, the mask layer 306 is etched 
for forming a first trench 308 exposing a portion of the 
first top dielectric layer 310a. Then, first spacers (not 
shown) are formed on the sidewalls of the first trench 308 
which are formed, for example, by forming a polysilicon 
layer 313 on the substrate 300. 

[0030] Please referring to FIG. 3C, the material layer 313 is 
etched back for forming the first spacers 313a on the 
sidewalls of the first trench 308. The first spacers 313a 
serve as an etching mask for etching the first top dielec- 



trie layer 310a and the charge trapping layer 304 (shown 
in FIG. 3B) for forming a second trench 315, which locates 
in the first top dielectric layer 310b and the charge trap- 
ping layer 304a. The second trench 315 self-aligns to the 
center of the first trench 308. Therefore, the issue of mis- 
alignment is resolved. 
[0031] Please referring to FIG. 3D, the first spacers 313a are re- 
moved. A second top dielectric layer 310c is formed over 
the substrate 300, covering the surfaces of the first trench 
308 and the second trench 315, wherein the material of 
the second top dielectric layer 310c is, for example, sili- 
con oxide. Then, a conductive layer 312 is formed over 
the substrate 300, filling the first trench 308 and second 
trench 315. 

[0032] Please referring to FIG. 3E, the conductive layer 312 and 
the second top dielectric layer 310c outside of the second 
trench 315 and the first trench 308 are removed by a 
chemical mechanical polishing (CMP) process or an etch- 
back process for exposing the mask layer 306a. Then, the 
exposed mask layer 306a is removed. The conductive 
layer 312a serves as a mask for removing the exposed 
first top dielectric layer 310b, the exposed charge trap- 
ping layer 304a and exposed bottom dielectric layer 302 



by a dry etching process as to form a stacked structure 
314. The bottom dielectric layer 302a, the charge trap- 
ping layer 304b, the first top dielectric layer 310a and the 
second top dielectric layer 310e form a silicon oxide/sili- 
con nitride/silicon oxide layer (ONO) 311. A non-volatile 
memory cell having the ONO layer 311 is called a silicon- 
oxide-nitride-oxide-silicon (SONOS) memory cell. 
[0033] Please referring to FIG. 3F, a lightly doping process can be 
optionally performed for forming a plurality of lightly 
doped regions 316 in the exposed substrate 300. A plu- 
rality of spacers 318 can be optionally formed on the 
sidewalls of the stacked structure 314. The material of the 
spacers 218 can be, for example, silicon nitride or any 
other material adapted to be applied thereto. Then, a 
source/drain doping process 320 is performed for form- 
ing a plurality of source/drain regions 322 in the sub- 
strate 300 uncovered by the spacers 318 of the stacked 
structure 314. 

[0034] Accordingly, one feature of the present invention is to di- 
vide the charge trapping layer of the memory cell into two 
independent structures, the memory cell is adapted for 
the integration of devices and for long-time operation. 

[0035] Moreover, another feature of the present invention is to 



use the spacers as the mask separating the charge trap- 
ping layer. Therefore, the misalignment of the charge 
trapping layer in the memory cell can be avoided, and the 
operation of the device can be improved. 
[0036] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



